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Description

Field of the Invention

[0001] The presentinvention relates to a control meth-
od and control device for use in an internal combustion
engine equipped with a variable compression ratio mech-
anism capable of varying a mechanical compression ratio
of the internal combustion engine and a variable valve
timing mechanism capable of varying a closing timing of
an intake valve, being adapted to perform reference po-
sition learning of the variable valve timing mechanism.

Background Art

[0002] Patent Document 1 discloses a control device
configured to, when a learning operation for a variable
valve timing mechanism is demanded, execute the learn-
ing operation by temporarily controlling the variable valve
timing mechanism to the most retarded position as a ref-
erence position and reading an output value of a cam
angle sensor at that time.

[0003] Patent Document 2 discloses a variable com-
pression ratio mechanism provided with a multi-link pis-
ton-crank unit to vary a mechanical compression ratio of
an internal combustion engine by vertically moving the
top dead center position of the piston. Patent Document
2 further discloses a control method in which, when any
anomaly in the variable compression ratio mechanism is
detected, the timing of ignition is controlled by consider-
ing the actual compression ratio to be the maximum com-
pression ratio for prevention of knocking

[0004] Patent Document 3 discloses a variable com-
pression ratio mechanism for changing the mechanical
compression ratio of the internal combustion engine and
a variable valve timing mechanism for changing the clos-
ing timing of the intake valve.

[0005] In the case of an internal combustion engine
equipped with both a variable valve timing mechanism
for an intake valve and a variable compression ratio
mechanism, there is a possibility that alearning operation
for the variable valve timing mechanism is demanded
under the situation that the mechanical compression ratio
is set low. In such a case, the compression end temper-
ature in the combustion chamber of the internal combus-
tion engine is lowered due to not only the low compres-
sion ratio, but also decrease of the effective compression
ratio by retardation of the intake valve closing timing,
when the variable valve timing mechanism is controlled
to the most retarded position or relatively retard-side ref-
erence position for the purpose of execution of the learn-
ing operation. This results in instability of combustion.
[0006] The above problem cannot be avoided by the
control method of Patent Document 2.
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Prior Art Documents

Patent Document
[0007]

Patent Document 1: Japanese Laid-Open Patent
Publication No. 2006-220079
Patent Document 2: Japanese Laid-Open Patent
Publication No. 2006-16168;
Patent Document 3: Japanese Laid-Open Patent
Publication No. 2010-043544

Summary of the Invention

[0008] The present invention is directed to learning
control in which, when there is a demand to execute a
reference position learning operation of controlling a var-
iable valve timing mechanism to a predetermined refer-
ence position and then reading a sensor value, the exe-
cution of the reference position learning operation is per-
mitted on the condition that a mechanical compression
ratio controlled by a variable compression ratio mecha-
nism is higher than a predetermined compression ratio
value.

[0009] This learning control has the effect of, even
when the valve timing is temporality retarded toward the
reference position for the purpose of execution of the
learning operation, preventing excessive lowering of the
compression end temperature by the action of the high
mechanical compression ratio and thereby suppressing
combustion instability during the execution of the learning
operation.

Brief Description of Drawings

[0010]

FIG. 1 is a schematic view showing a system con-
figuration of an internal combustion engine accord-
ing to one embodiment of the present invention.
FIG. 2 is a flowchart showing a process of setting a
compression ratio for VTC control according to the
one embodiment of the present invention.

FIG. 3 is a flowchart showing a process of VTC con-
trol according to the one embodiment of the present
invention.

FIG. 4 is a flowchart showing a process of VTC ref-
erence position learning according to the one em-
bodiment of the present invention.

Description of Embodiments

[0011] Hereinafter, one embodiment of the present in-
vention will be described below with reference to the
drawings.

[0012] FIG. 1 shows a system configuration of an in-
ternal combustion engine 1 to which the presentinvention
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is applicable. The internal combustion engine 1 is in the
form of a four-stroke-cycle spark-ignition type internal
combustion engine equipped with a variable compres-
sion ratio mechanism 2 using a multi-link piston-crank
unit. In the internal combustion engine, a pair of intake
valves 4 and a pair of exhaust valves 5 are arranged on
a ceiling wall surface of each cylinder 3; and a spark plug
6 is arranged on a center part of the ceiling wall surface
surrounded by the intake valves 4 and the exhaustvalves
5. The internal combustion engine 1 is also equipped with
a turbocharger 8 as illustrated in the present embodi-
ment.

[0013] Anintake-side variable valve timing mechanism
7 is provided on the intake valves 4 so as to vary and
control the opening and closing timings of the intake
valves 4. The variable valve timing mechanism 7 is of
any type as long as it is capable of advancing or retarding
at least the intake valve closing timing. In the present
embodiment, the variable valve timing mechanism 7 is
configured to advance or retard the intake valve opening
timing and the intake valve closing timing simultaneously
by advancing or retarding the phase of a camshaft. As
such a variable valve timing mechanism, various types
are known and usable. In the present invention, the var-
iable valve timing mechanism is not limited to the above
specific configuration.

[0014] For example, the variable valve timing mecha-
nism 7 includes a sprocket arranged coaxially on a front
end portion of the camshaft and a hydraulic rotary actu-
ator arranged to cause relative rotation of the sprocket
and the camshaft within a predetermined angle range.
The sprocket is linked to a crankshaft via a timing chain
or timing belt (not shown). Accordingly, the phase of the
camshaft relative to the crank angle is changed by rela-
tive rotation of the sprocket and the camshaft. The rotary
actuator has an advance-side hydraulic chamber for ap-
plying a hydraulic biasing force toward the advance side
and a retard-side hydraulic chamber for applying a hy-
draulic biasing force toward the retard side, and advanc-
es or retards the phase of the camshaft by controlling the
supply of hydraulic pressure to these hydraulic chambers
through a hydraulic control valve (not shown) according
to a control signal from an engine controller 10. By a cam
angle sensor 11 which is responsive to a rotational po-
sition of the camshaft, the actual control position of the
camshaft (corresponding to the actual valve timing) var-
ied and controlled by the variable valve timing mecha-
nism 7 is detected. The supply of hydraulic pressure
through the hydraulic control valve is controlled by a
closed loop control method such that the actual control
position of the camshaft detected by the cam angle sen-
sor 11 is adjusted to a target control position set accord-
ing to operating conditions.

[0015] An intake passage 14 is connected to a com-
bustion chamber 13 of the internal combustion engine
through the intake valves 4. In the intake passage 14, a
fuel injection valve 15 for port injection is provided on
each cylinder. Further, a fuel injection valve 16 for in-
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cylinder injection is provided so as to directly inject fuel
into each cylinder 3. In other words, the internal combus-
tion engine is equipped with a dual-injection type fuel
injection system so that the supply of fuel is controlled
by properly using the fuel injection valve 15 for port in-
jection and the fuel injection valve 16 for in-cylinder in-
jection according to a load etc. An intake collector 14 is
provided in the intake passage 14. An electronically-con-
trolled throttle valve 19, whose opening is controlled ac-
cording to a control signal from the engine controller 10,
is disposed in the intake passage 14 at a position up-
stream of the intake controller 14. A compressor 8a of
the turbocharger 8 is disposed in the intake passage at
a position upstream of the throttle valve 16. An air flow
meter 20 for detecting an intake air amount and an air
cleaner 21 are disposed at positions upstream of the
compressor 8a in the intake passage 14. An intercooler
22 is provided between the compressor 8a and the throt-
tle valve 19. A recirculation valve 23 is provided so as to
provide communication between the discharge side and
intake side of the compressor 8a. This recirculation valve
23 is opened in a deceleration state where the throttle
valve 19 is closed.

[0016] An exhaust passage 25 is connected to the
combustion chamber 13 of the internal combustion en-
gine through the exhaust valves 5. A turbine 8b of the
turbocharger 8 is disposed in the exhaust passage 25.
A pre-catalytic unit 26 and a main catalytic unit 27, each
of which is provided with a three-way catalyst, are dis-
posed in the exhaust passage 25 at positions down-
stream of the turbine 8b. An air-fuel ratio sensor 28 for
detecting an air-fuel ratio is disposed at a position up-
stream of the turbine 8b in the exhaust passage 25. For
control of boost pressure, a wastegate valve 29 is pro-
vided in the turbine 8b so as to bypass a part of exhaust
gas according to the boost pressure.

[0017] An exhaust gas recirculation passage 30 is ar-
ranged between a portion of the exhaust passage 25
downstream of the turbine 8b and a portion of the intake
passage 14 upstream of the compressor 8a, and is pro-
vided with an EGR gas cooler 31 and an EGR valve 32.
[0018] Into the engine controller 10, there are inputted
detection signals of various sensors. These various sen-
sors include not only the cam angle sensor 11, the air
flow mater 20 and the air-fuel ratio sensor 28, but also a
crank angle sensor 34 for detecting an engine rotation
speed, a coolant sensor 35 for detecting a coolant tem-
perature, an accelerator opening sensor 36 for detecting
a depression amount of an accelerator pedal operated
by adriver, and the like. Based on these sensor detection
signals, the engine controller 10 optimally controls the
amounts and timings of fuel injection by the fuel injection
valves 15 and 16, the timing of ignition by the spark plug
6, the mechanical compression ratio of the internal com-
bustion engine by the variable compression ratio mech-
anism 2, the opening and closing timings of the intake
valves 4 by the variable valve timing mechanism 7, the
opening of the throttle valve 19, the opening of the EGR
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valve 32 and the like.

[0019] On the other hand, the variable compression
ratio mechanism 2 is of the type using a known multi-link
piston-crank unit as disclosed in Patent Document 2, Jap-
anese Laid-Open Patent Publication No. 2004-116434
or the like. More specifically, the variable compression
ratio mechanism 2 mainly includes: a lower link rotatably
supported on a crank pin 41a of the crankshaft 41; an
upper link 45 connecting an upper pin 43 on one end
portion of the lower link 42 and a piston pin 44a of a piston
44 to each other; a control link 47 connected at one end
thereof to a control pin 46 on the other end portion of the
lower link 42; and a control shaft 48 pivotally supporting
the other end of the control link 47. The crankshaft 41
and the control shaft 48 are rotatably supported via a
bearing structure (not shown) within a crankcase 49a at
a lower portion of a cylinder block 49. The control shaft
48 has an eccentric shaft part whose position is changed
with rotation of the control shaft 48. The thus-configured
variable compression ratio mechanism 2 vertically
moves the top dead center position of the piston 44 with
rotation of the control shaft 48, thereby varying the me-
chanical compression ratio.

[0020] Inthe presentembodiment, an electric actuator
51 is provided as a driving unit for causing the variable
compression ratio mechanism 2 to vary and control the
mechanical compression ratio. The electric actuator 51
is disposed on an outer wall surface of the crank case
49a, and has arotational center shaft arranged in parallel
with the crankshaft 41. A firstarm 52 is fixed to an output
rotation shaft of the electric actuator 51, whereas a sec-
ond arm 53 is fixed to the control shaft 48. These arms
are coupled by an intermediate link 54. The electric ac-
tuator 51 and the control shaft 48 are thus interlocked
with each other through the first arm 52, the second arm
53 and the intermediate link 54. The electric actuator 51
includes an electric motor and a transmission unit ar-
ranged in series along an axial direction thereof.

[0021] The actual value of the mechanical compres-
sion ratio varied and controlled as mentioned above by
the variable compression ratio mechanism 2, that is, the
actual compression ratio is detected by an actual com-
pression ratio sensor 56. The actual compression ratio
sensor 56 has, for example, a rotary potentiometer or
rotary encoder that detects a rotational angle of the con-
trol shaft 48 or a rotational angle of the output rotation
shaft of the electric actuator 51. The actual compression
ratio can alternatively be detected, without using a sep-
arate sensor, by calculating the rotation amount of the
electric motor from a control signal outputted to the elec-
tric motor of the electric actuator and then determining
the rotational angle of the control shaft 48 based on the
calculated rotation amount.

[0022] The electric actuator 51 is driven and controlled
by the engine controller 11 such that the actual compres-
sion ratio as determined above is adjusted to a target
compression ratio set according to operating conditions.
For example, the engine controller 10 has a target com-
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pression ratio map using a load and rotation speed of the
internal combustion engine 1 as parameters and sets the
target compression ratio based on this map. Basically,
the target compression ratio is set high in a low load re-
gion. As the load becomes higher, the target compres-
sion ratio is set lower for prevention of knocking etc.
[0023] Next, the control of the variable valve timing
mechanism 7 executed by the engine controller 10 will
be explained below by referring to flowcharts of FIGS. 2
to 4. Herein, the routines of these flowcharts are repeat-
edly executed at appropriate intervals (e.g. very small
time intervals).

[0024] FIG. 2 shows a flowchart for setting a VTC con-
trol compression ratio aVCR as one of control parameters
for the variable valve timing mechanism 7 (VTC). In step
1 (referred to as S1 in the figure; the same applies to the
other steps), it is judged whether or not any anomaly is
present in the variable compression ratio mechanism 2
(VCR). The target of judgment as to the presence or ab-
sence of any anomaly includes not only the mechanical
configuration of the variable compression ratio mecha-
nism 2 but also the related hardware such as sensor and
actuator and the control system software. In other words,
anomaly diagnosis is performed on the entire variable
compression ratio system including the variable com-
pression ratio mechanism 2 in this step. Typical exam-
ples of the anomaly are a defect in the electric actuator
51 of the variable compression ratio mechanism 2, a de-
fect in the actual compression ratio sensor 56 and the
like. The presence or absence of these anomalies is di-
agnosed successively or at proper timings under self-
diagnosis function achieved by another routine process
(not shown). In step 1, the judgment is made by referring
to the results of the diagnosis.

[0025] When the variable compression ratio system is
in normal operation, the routine proceeds to step 2. In
step 2, the actual compression ratio rVCR detected by
the actual compression ratio sensor 56 at the currenttime
is setasitis as the VTC control compression ratio aVCR.
On the other hand, the routine proceeds to step 3 when
any anomaly is present in the variable compression ratio
system. In step 3, a maximum compression ratio
VCRmax achievable by the variable compression ratio
mechanism 2 is set as the VTC control compression ratio
aVCR. The reliability of the detected actual compression
ratio value rVCR is low when any anomaly is present in
the variable compression ratio system. In such an abnor-
mal state, the mechanical compression ratio is consid-
ered to be the maximum compression ratio vCRmax in
the control of the variable valve timing mechanism 7, in
order to reliably avoid interference of the intake valves 4
and the piston 44 in the vicinity of the top dead center.
[0026] FIG. 3 shows a flowchart for the main routine
of the control of the variable valve timing mechanism 7.
In step 11, the target engine torque tTq and the engine
rotation speed Ne are read as engine operating condi-
tions. The above-mentioned VTC control compression
ratio aVCR is also read as an additional parameter to
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avoid interference of the intake valves 4 and the piston
44. The target engine torque tTq corresponds to the load
of the internal combustion engine 1, and can be deter-
mined from the accelerator opening (accelerator pedal
depression amount) detected by the accelerator opening
sensor 36, the intake air amount detected by the air flow
meter 20 and the like. In step 12, the target control posi-
tion tVTC of the variable valve timing mechanism 7 is set
based onthe targetengine torque tTq, the engine rotation
speed Ne and the VTC control compression ratio aVCR.
The target control position tVTC is set to an optimum
value determined from the target engine torque tTq and
the engine rotation speed Ne, within the range deter-
mined from the VTC control compression ratio aVCR to
avoid interference of the intake valves 4 and the piston
44. In step 13, the variable valve timing mechanism 7 is
controlled according to the target control position tVTC.
[0027] Asmentioned above,the VTC control compres-
sion ratio aVCR is set to the actual compression ratio
rVCR when the variable compression ratio system is in
normal operation. By this setting, interference of the in-
take valves 4 and the piston 4 is reliably avoided even in
the case where there is a delay in response to changes
of the actual compression ratio during a transient state
such as acceleration of the internal combustion engine
1. When any anomaly is present in the variable compres-
sion ratio system, on the other hand, the VTC control
compression ratio aVCRis setto the maximum compres-
sion ratio VCRmax. By this setting, interference of the
intake valves 4 and the piston 4 is reliably avoided even
in the state where the actual compression ratio is indef-
inite.

[0028] FIG. 4 shows a flowchart for reference position
learning of the variable valve timing mechanism 7. The
reference position learning refers to a processing oper-
ation of, for control system calibration of the variable
valve timing mechanism 7, e.g. temporarily moving the
hydraulic rotary actuator to a mechanically-limited refer-
ence position and reading a detection value of the cam
angle sensor 11 in a state where the rotary actuator has
been controlled to the reference position. In the present
embodiment, the learning operation is executed by re-
tarding the rotary actuator most to its physical limit posi-
tion and learning this most retarded position as the ref-
erence position. It is alternatively feasible to provide a
lock mechanism immediately before the mechanically-
limited most retarded position and learn a most retarded
position of the rotary actuator limited by the lock mech-
anism as the reference position.

[0029] Instep 21, itis judged whether or not there is a
demand for a learning operation for the variable valve
timing mechanism 7. The demand for the learning oper-
ation is outputted by another routine process when a pre-
determined condition is satisfied after a start of driving
operation of the internal combustion engine. The judg-
ment is made according to the presence or absence of
the output in step 21. It is preferable to execute at least
one leaning operation during one trip. The demand for
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the learning operation may be outputted immediately af-
ter a start of operation (e.g. immediately after a start of
automatic operation) of the internal combustion engine 1.
[0030] When there is no demand for the learning op-
eration, the routine proceeds from step 21 to step 25. In
step 25, the driving operation of the internal combustion
engine 1, that is, the normal control of the variable valve
timing mechanism 7 is continued without the execution
of the reference position learning operation.

[0031] When it is judged in step 21 that the learning
operation is demanded, the routine proceeds to step 22.
In step 22, the VTC control compression ratio aVCR is
compared with a predetermined compression ratio
threshold value VCRth. When the VTC control compres-
sion ratio aVCRis lower than or equal to the compression
ratio threshold value VCRth, the routine proceeds from
step 22 to step 25 so that the learning operation is not
executed. In other words, the execution of the reference
position learning operation is prohibited when the VTC
control compression ratio aVCR is lower than or equal
to the compression ratio threshold value VCRth. If the
variable valve timing mechanism 7 is moved to the most
retarded position for the purpose of execution of the
learning operation under the situation that the mechani-
cal compression ratio is controlled to a low value, there
is a possibility of combustion instability with lowering of
the compression end temperature in the combustion
chamber due to notonly the low mechanical compression
ratio but also decrease of the effective compression ratio
by retardation of the intake valve closing timing. For this
reason, the learning operation is not executed when the
VTC control compression ratio aVCR corresponding to
the actual compression ratio rVCR is lower than or equal
to the compression ratio threshold value VCRth. The
compression ratio threshold value VCRth is set to a me-
chanical compression ratio level at which combustion in-
stability does not occur even when the variable valve
timing mechanism 7 is controlled to the reference position
i.e. the most retarded position for the purpose of execu-
tion of the learning operation.

[0032] Whenthe VTC control compression ratioaVCR
is higher than the compression ratio threshold value
VCRUth, the routine proceeds to step 23. In step 23, it is
judged whether or not the variable compression ratio
mechanism 2 (VCR) is in normal operation. This step is
carried out by performing self-diagnosis as to the pres-
ence or absence of any anomaly in the mechanical con-
figuration of the variable compression ratio mechanism
2, the related hardware such as sensor and actuator and
the control system software, and then, referring to the
results of the self-diagnosis as in the case of the above-
mentioned step 1. When any anomaly is present in the
variable compression ratio system, the routine proceeds
to step 25 so that the learning operation is not executed.
In other words, the learning operation for the variable
valve timing mechanism 7 is prohibited when any anom-
aly is present in the variable compression ratio system.
This is because, when any anomaly is present in the var-
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iable compression ratio system, there is a possibility that
the actual mechanical compression ratio of the internal
combustion engine 1 is lower than or equal to the com-
pressionratio threshold value VCRmax although the VTC
control compression ratio aVCR has been set to the max-
imum compression ratio VCRmax in step 3.

[0033] When it is judged in step 23 that the variable
compression ratio mechanism 2 is in normal operation,
the routine proceeds to step 24. In step 24, the learning
operation for the variable valve timing mechanism 7 is
executed. More specifically, the detection value of the
cam angle sensor 11 is read in a state where the variable
valve timing mechanism 7 is temporarily moved to the
most retarded position as the reference position as men-
tioned above. After the completion of the learning oper-
ation, the routine returns to the normal control.

[0034] As mentioned above, the learning operation for
the variable valve timing control mechanism 7 is permit-
ted on the conditions that: the variable compression ratio
mechanism 2 is in normal operation; and the actual me-
chanical compression ratio is higher than the compres-
sion ratio threshold value VCRth in the present embod-
iment. In the presence of an anomaly in the variable com-
pression ratio mechanism 2, interference of the intake
valves 4 and the piston 4 is reliably avoided by consid-
ering the mechanical compression ratio (VTC control
compression ratio aVCR) to be the maximum compres-
sion ratio VCRmax in the control of the variable valve
timing mechanism 7; and the learning operation for the
variable valve timing mechanism 7 is prohibited irrespec-
tive of the value of the VTC control compression ratio
aVCR. This makes it possible to, in the presence of any
anomaly in the variable compression ratio mechanism 2,
prevent instability of combustion caused by retardation
of the valve timing for execution of the learning operation.
[0035] The reference position for the learning opera-
tion is not limited to the most retarded position as in the
above embodiment. For example, in the case where a
lock mechanism is provided to the rotary actuator of the
variable valve timing mechanism 7, an arbitrary control
position of the rotary actuator limited by the lock mech-
anism can be utilized as the reference position.

Claims

1. A control method for an internal combustion engine
M,
the internal combustion engine (1) comprising: a var-
iable compression ratio mechanism (2) that varies a
mechanical compression ratio of the internal com-
bustion engine (1); and a variable valve timing mech-
anism (7) that varies a closing timing of an intake
valve (4), the internal combustion engine (1) having
a possibility of combustion instability in a state that
the mechanical compression ratio is low and the
closing timing of the intake valve (4) is on a retard
side,
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the control method comprising:

setting a target compression ratio of the variable
compression ratio mechanism (2) and a target
control position (tVTC) of the variable valve tim-
ing mechanism (7) according to operating con-
dition parameters of the internal combustion en-
gine (1);

judging whether or not an anomaly is present in
the variable compression ratio mechanism (2),
wherein the setting includes: when the variable
compression ratio mechanism (2) is judged as
normal, setting the target control position (tVTC)
of the variable valve timing mechanism (7) by
using a current value (rVCR) of the mechanical
compression ratio as one of the operating con-
dition parameters; and wheniitis judged that any
anomaly is present in the variable compression
ratio mechanism (2), setting the target control
position (tVTC) of the variable valve timing
mechanism (7) by considering the mechanical
compression ratio to be a maximum compres-
sion ratio value (VCRmax) achievable by the
variable compression ratio mechanism (2) as
one of the operating condition parameters;
when there is a demand for a reference position
leaning operation of controlling the variable
valve timing mechanism (7) to a most retarded
position and then learning a sensor value of the
most retarded position as a reference position,
permitting the execution of the reference positon
learning operation on the condition that the me-
chanical compression ratio (aVCR) controlled
by the variable compression ratio mechanism
(2) is higher than a predetermined compression
ratio threshold value (VCRth), wherein the com-
pression ratio threshold value (VCRth)is a value
of the mechanical compression ratio at which no
combustion instability occurs even when the
variable valve timing mechanism (7) is control-
led to the most retarded position; and
prohibiting the execution of the reference posi-
tion learning operation whenitis judged that any
anomaly is present in the variable compression
ratio mechanism (2).

The control method for the internal combustion en-
gine (1) according to claim 1, wherein the variable
compression ratio mechanism (2) varies the me-
chanical compression ratio by changing a relative
positional relationship of a piston (44) and a cylinder

3).

A control device (10) for an internal combustion en-
gine (1),

the internal combustion engine (1) comprising: a var-
iable compression ratio mechanism (2) that varies a
mechanical compression ratio of the internal com-
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bustion engine (1); and a variable valve timing mech-
anism (7) that varies a closing timing of an intake
valve (4), the internal combustion engine (1) having
a possibility of combustion instability in a state that
the mechanical compression ratio is low and the
closing timing of the intake valve (4) is on a retard
side,

the control device (10) comprising:

a compression ratio control section configured
to set a target compression ratio of the variable
compression ratio mechanism (2) according to
operating condition parameters of the internal
combustion engine (1);

a valve timing control section (S12) configured
to set a target control position (tVTC) of the var-
iable valve timing mechanism (7) according to
operating condition parameters of the internal
combustion engine (1);

a learning control section (S21, S22, S25)
configured to, when there is a demand for
a reference position learning operation of
controlling the variable valve timing mech-
anism (7) to a most retarded position and
then learning a sensor value of the most re-
tarded position as a reference position, ex-
ecute the reference position learning oper-
ation on the condition that the mechanical
compression ratio (aVCR) controlled by the
variable compression ratio mechanism (2)
is higher than a predetermined compres-
sion ratio threshold value (VCRth); and

an anomaly judgment section (S1, S23)
configured to judge whether or notan anom-
aly is present in the variable compression
ratio mechanism (2),

wherein the compression ratio threshold value
(VCRth) is a value of the mechanical compres-
sion ratio at which no combustion instability oc-
curs even when the variable valve timing mech-
anism (7) is controlled to the most retarded po-
sition,

wherein the valve timing control section (S2, S3)
is configured to: when the anomaly judgment
section (S1) judges that the variable compres-
sionratio mechanism (2) is normal, setthe target
control position (tVTC) of the variable valve tim-
ing mechanism (7) by using a current value
(rVCR) of the mechanical compression ratio as
one of the operating condition parameters; and
when the anomaly judgment section (S1) judges
that any anomaly is present in the variable com-
pression ratio mechanism (2), set the target con-
trol position (tVTC) of the variable valve timing
mechanism (7) by considering the mechanical
compression ratio to be a maximum compres-
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sion ratio value (VCRmax) achievable by the
variable compression ratio mechanism (2) as
one of the operating condition parameters, and
wherein the learning control section (S25) is
configured to, when the anomaly judgment sec-
tion (S21) judges that any anomaly is present in
the variable compression ratio mechanism (2),
prohibit the execution of the reference position
learning operation.

Patentanspriiche

1.

Steuerungsverfahren fir einen Verbrennungsmotor
(1),

wobei der Verbrennungsmotor (1) aufweist: einen
Mechanismus (2) fir ein variables Kompressions-
verhaltnis, der ein mechanisches Kompressionsver-
haltnis des Motors (1) andert; und einen Mechanis-
mus (7) zur variablen Ventilsteuerung, der die
SchlieRzeit eines Einlassventils (4) &ndert, wobei es
bei dem Verbrennungsmotor (1) zu Verbrennungs-
instabilitdten kommen kann, wenn das mechanische
Kompressionsverhaltnis niedrig und die Schlief3zeit
des Einlassventils (4) verzbgert ist,

wobei das Steuerungsverfahren umfasst:

Einstellen eines Zielkompressionsverhaltnisses
des Mechanismus (2) fur ein variables Kom-
pressionsverhaltnis und einer Zielsteuerungs-
position (tVTC) des Mechanismus (7) zur vari-
ablen Ventilsteuerung entsprechend Betriebs-
zustandsparametern des Verbrennungsmotors
(1)

Bestimmen, ob bei dem Mechanismus (2) fur
ein variables Kompressionsverhaltnis eine Ano-
malie vorliegt oder nicht, wobei das Einstellen
umfasst: wenn festgestellt wird, dass der Me-
chanismus (2) fiir ein mechanisches Kompres-
sionsverhaltnis normal arbeitet, Einstellen der
Zielsteuerungsposition (tVTC) des Mechanis-
mus (7) zur variablen Ventilsteuerung unter Ver-
wendung eines Ist-Wertes (rVCR) des mecha-
nischen Kompressionsverhaltnisses als einen
der Betriebszustandsparameter; und, wenn
festgestelltwird, dass beidem Mechanismus (2)
fir ein mechanisches Kompressionsverhaltnis
eine Anomalie vorliegt, Einstellen der Zielsteu-
erungsposition (tVTC)des Mechanismus (7) zur
variablen Ventilsteuerung, indem das mechani-
sche Kompressionsverhaltnis als maximal von
dem Mechanismus (2) fir ein mechanisches
Kompressionsverhaltnis erreichbarer Kompres-
sionsverhaltniswert (VCRmax) als einer der Be-
triebszustandsparameter betrachtet wird;
wenn Bedarf an einem Referenzpositionslern-
betrieb zur Steuerung des Mechanismus (7) zur
variablen Ventilsteuerung hin zu einer maximal
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verzdgerten Position besteht und ein Sensor-
wert der maximal verzdgerten Position als Re-
ferenzposition erlernt wird, Erlauben der Durch-
fuhrung des Referenzpositionslernbetriebs, vo-
rausgesetzt dass das von dem Mechanismus
(2) fur ein variables Kompressionsverhaltnis ge-
steuerte mechanische Kompressionsverhaltnis
(@aVCR) hoher als ein vorbestimmter Kompres-
sionsverhaltnisschwellenwert (VCRth) ist, wo-
bei der mechanische Kompressionsverhaltnis-
schwellenwert (VCRth) ein Wert des mechani-
schen Kompressionsverhaltnisses ist, bei dem
keine Verbrennungsinstabilitat auftritt, selbst
wenn der Mechanismus (7) zur variablen Ven-
tilsteuerung an die maximal verzogerte Position
gesteuert wird; und

Verhindern der Durchfiihrung des Referenzpo-
sitionslernbetriebs, wenn festgestellt wird, dass
bei dem Mechanismus (2) fiir ein variables Kom-
pressionsverhaltnis eine Anomalie vorliegt.

Steuerungsverfahren fir einen Verbrennungsmotor
(1) gemal Anspruch 1, wobei der Mechanismus (2)
fir ein variables Kompressionsverhaltnis das me-
chanische Kompressionsverhaltnis durch Anderung
einer Positionsbeziehung zwischen einem Kolben
(44) und einem Zylinder (3) andert.

Steuerungsvorrichtung (10) fur einen Verbren-
nungsmotor (1),

wobei der Verbrennungsmotor (1) aufweist: einen
Mechanismus (2) fir ein variables Kompressions-
verhaltnis, der ein mechanisches Kompressionsver-
haltnis des Verbrennungsmotors (1) andert; und ei-
nen Mechanismus (7) zur variablen Ventilsteuerung,
der die SchlieRzeit eines Einlassventils (4) éandert,
wobei es bei dem Verbrennungsmotor (1) zu Ver-
brennungsinstabilititen kommen kann, wenn das
mechanische Kompressionsverhaltnis niedrig und
die SchlieRzeit des Einlassventils (4) verzogert ist,
wobei das Steuerungsverfahren umfasst:

einen Kompressionsverhaltnissteuerungsab-
schnitt zum Einstellen eines Zielkompressions-
verhaltnisses des Mechanismus (2) fiir ein me-
chanisches Kompressionsverhaltnis gemaf
Betriebszustandsparametern des Verbren-
nungsmotors (1);

einen Ventilsteuerungsabschnitt (S12) zum
Einstellen einer Zielsteuerungsposition
(tVTC) des Mechanismus (7) zur variablen
Ventilsteuerung geman Betriebszu-
standsparametern des Verbrennungsmo-
tors (1);

einen Lernsteuerungsabschnitt (S21, S22,
S25), der dazu ausgebildet ist, wenn Bedarf
an einem Referenzpositionslernbetrieb zur
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Steuerung des Mechanismus (7) zur vari-
ablen Ventilsteuerung hin zu einer maximal
verzdgerten Position besteht und ein Sen-
sorwert der maximal verzdgerten Position
als Referenzposition erlernt wird, Durchfiih-
ren des Referenzpositionslernbetriebs, vo-
rausgesetzt dass das von dem Mechanis-
mus (2) flr ein variables Kompressionsver-
haltnis gesteuerte mechanische Kompres-
sionsverhaltnis (aVCR) hdher als ein vor-
bestimmter Kompressionsverhaltnis-
schwellenwert (VCRth) ist; und

einen Anomalieerfassungsabschnitt (S1,
S23) zum Erfassen, ob eine Anomalie bei
dem Mechanismus (2) fir ein variables
Kompressionsverhaltnis vorliegt oder nicht;

wobei der mechanische Kompressionsverhalt-
nisschwellenwert (VCRth) ein Wert des mecha-
nischen Kompressionsverhaltnisses ist, bei
dem keine Verbrennungsinstabilitat auftritt,
selbst wenn der Mechanismus (7) zur variablen
Ventilsteuerung an die maximal verzdgerte Po-
sition gesteuert wird,

wobei der Ventilsteuerungsabschnitt (S2, S3)
dazu ausgebildet ist: wenn der Anomalieerfas-
sungsabschnitt (S1) erfasst, dass der Mecha-
nismus (2) firein mechanisches Kompressions-
verhaltnis normal arbeitet, die Zielsteuerungs-
position (tVTC) des Mechanismus (7) zur vari-
ablen Ventilsteuerung unter Verwendung eines
Ist-Wertes (rVCR) des mechanischen Kompres-
sionsverhéltnisses als einen der Betriebszu-
standsparameter einzustellen; und, wenn der
Anomalieerfassungsabschnitt  (S1) erfasst,
dass bei dem Mechanismus (2) fiir ein mecha-
nisches Kompressionsverhaltnis eine Anomalie
vorliegt, die Zielsteuerungsposition (tVTC) des
Mechanismus (7) zur variablen Ventilsteuerung
einzustellen, indem das mechanische Kom-
pressionsverhaltnis als maximal von dem Me-
chanismus (2) fir ein mechanisches Kompres-
sionsverhéltnis erreichbarer Kompressionsver-
haltniswert (VCRmax) als einer der Betriebszu-
standsparameter betrachtet wird, und

wobei, der Lernsteuerungsabschnitt (S25) dazu
ausgebildet ist, wenn der Anomalieerfassungs-
abschnitt (21) erfasst, dass eine Anomalie bei
dem Mechanismus (2) fir ein variables Kom-
pressionsverhaltnis vorliegt, die Durchfiihrung
des Referenzpositionslernbetriebs zu verhin-
dern.

Revendications

Procédé de contrble pour un moteur a combustion
interne (1),
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le moteur a combustion interne (1) comprenant : un
mécanisme a taux de compression variable (2) qui
fait varier un taux de compression mécanique du mo-
teur a combustion interne (1) ; et un mécanisme de
calage de distribution variable (7) qui fait varier un
moment de fermeture d’'une soupape d’admission
(4), le moteur a combustion interne (1) ayant une
possibilité d’instabilité de la combustion dans un état
ou le taux de compression mécanique est faible et
le moment de fermeture de la soupape d’admission
(4) est du coté du retard,

le procédé de contréle comprenant :

la fixation d’un taux de compression cible du mé-
canisme a taux de compression variable (2) et
une position de contréle cible (tVTC) du méca-
nisme de calage de distribution variable (7) en
fonction des parametres des conditions de fonc-
tionnement du moteur a combustion interne (1) ;
la constatation de la présence ou non d’'une ano-
malie dans le mécanisme ataux de compression
variable (2), dans lequel la fixation comprend :
lorsque le mécanisme a taux de compression
variable (2) estconsidéré comme normal, la fixa-
tion de la position de contréle cible (tVTC) du
mécanisme de calage de distribution variable
(7) en utilisant une valeur actuelle (rVCR) du
taux de compression mécanique comme l'un
des paramétres des  conditions de
fonctionnement ; et lorsqu’il a été constaté
qu’une anomalie est présente dans le mécanis-
me a taux de compression variable (2), la régla-
ge de la position de contréle cible (tVTC) du mé-
canisme de calage de distribution variable (7)
en considérant le taux de compression mécani-
que comme étant une valeur de taux de com-
pression maximale (VCRmax) pouvant étre ob-
tenue par le mécanisme a taux de compression
variable (2) comme l'un des parametres des
conditions de fonctionnement ;

lorsqu’il y a une demande d’opération d’appren-
tissage de la position de référence consistant a
contrélerle mécanisme de calage de distribution
variable (7) vers une position la plus retardée et
a apprendre ensuite une valeur de capteur de
la position la plus retardée comme position de
référence, I'autorisation d’exécution de l'opéra-
tion d’apprentissage de la position de référence
a condition que le taux de compression méca-
nique (aVCR) controdlé par le mécanisme a taux
de compression variable (2) soit supérieur a une
valeur seuil de taux de compression prédéter-
minée (VCRth), dans laquelle la valeur seuil du
taux de compression (VCRth) est une valeur du
taux de compression mécanique a laquelle
aucune instabilité de combustion ne se produit,
méme lorsque le mécanisme de calage de dis-
tribution variable (7) est commandé a la position
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la plus retardée ; et

I'interdiction de I'exécution de 'opération d’ap-
prentissage de la position de référence lorsqu’il
est constaté qu’'une anomalie est présente dans
le mécanisme a taux de compression variable

).

Procédé de contréle pour le moteur a combustion
interne (1) selon la revendication 1, dans lequel le
meécanisme a taux de compression variable (2) fait
varier le taux de compression mécanique en modi-
fiant une relation de position relative d’un piston (44)
et d’un cylindre (3).

Dispositif de contrdle (10) pour un moteur a combus-
tion interne (1),

le moteur a combustion interne (1) comprenant : un
meécanisme a taux de compression variable (2) qui
fait varier un taux de compression mécanique du mo-
teur a combustion interne (1) ; et un mécanisme de
calage de distribution variable (7) qui fait varier un
moment de fermeture d’'une soupape d’admission
(4), le moteur a combustion interne (1) ayant une
possibilité d’instabilité de la combustion dans un état
ou le taux de compression mécanique est faible et
le moment de fermeture de la soupape d’admission
(4) est du cété du retard,

le dispositif de contréle (10) comprenant :

une section de contrdle du taux de compression
configurée pour fixer un taux de compression
cible du mécanisme a taux de compression va-
riable (2) en fonction des parameétres des con-
ditions de fonctionnement du moteur a combus-
tion interne (1) ;

une section de contrble de calage de distribution
(S12) configurée pour fixer une position de con-
tréle cible (tVTC) du mécanisme de calage de
distribution variable (7) en fonction des parame-
tres des conditions de fonctionnement du mo-
teur a combustion interne (1) ;

une section de contréle d’apprentissage (S21,
S22, S25) configurée, lorsqu’ily a une demande
d’opération d’apprentissage de position de ré-
férence pour contrdler le mécanisme de calage
de distribution variable (7) a une position la plus
retardée et ensuite apprendre une valeur de
capteur de la position la plus retardée comme
position de référence, pour exécuter I'opération
d’apprentissage de position de référence a la
condition que le taux de compression mécani-
que (aVCR) contrélé par le mécanisme a taux
de compression variable (2) soit supérieur aune
valeur de seuil de taux de compression prédé-
terminée (VCRth) ; et

une section de constatation d’anomalie (S1,
S23) configurée pour constater si une anomalie
est présente ou non dans le mécanisme a taux
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de compression variable (2),

dans laquelle la valeur seuil du taux de com-
pression (VCRth) estune valeur dutaux de com-
pression mécanique a laquelle aucune instabi-
lité de combustion ne se produit, méme lorsque
le mécanisme de calage de distribution variable
(7) est commandé a la position la plus retardée,
dans laquelle la section de contréle de calage
de distribution (S2, S3) est configurée pour :
lorsque la section de constatation d’anomalies
(S1) constate que le mécanisme a taux de com-
pression variable (2) est normal, fixer la position
de contréle cible (tVTC) du mécanisme de ca-
lage de distribution variable (7) en utilisant une
valeur actuelle (rVCR) du taux de compression
mécanique comme l'un des parametres des
conditions de fonctionnement ; etlorsque la sec-
tion de constatation d’anomalies (S1) constate
qu’une anomalie est présente dans le mécanis-
me ataux de compression variable (2), pour fixer
la position de contrdle cible (tVTC) du mécanis-
me de calage de distribution variable (7) en con-
sidérant le taux de compression mécanique
comme étantune valeurde taux de compression
maximale (VCRmax) pouvant étre obtenue par
le mécanisme a taux de compression variable
(2) comme I'un des parameétres des conditions
de fonctionnement, et

dans laquelle la section de controle d’apprentis-
sage (S25) est configurée, lorsque la section de
constatation des anomalies (S21) constate
qu’une anomalie est présente dans le mécanis-
me a taux de compression variable (2), pour in-
terdire I'exécution de I'opération d’apprentissa-
ge de la position de référence.
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